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Substituted 8-quinolinols: Halo, nitro, and sulfonic acids
Hennan Gershon1.2·*, Donald D. Clarke1 and Muriel Gershon1
'Department of Chemistry, Fordham University, Bronx, New York 10458 U.S.A., 2New York Botanical Garden, Bronx, New York 10458, U.S.A

ABSTRACf
Methods have been systematized for
preparing substituted 8-quinolinols. The 5 and
7 positions are those available for electrophilic
substitution. The entry position of the electrophile can be controlled by controlling the prototropic form of the 8-quinolinol. Under acidic
conditions the 5 position is attacked first and
under basic conditions the electrophile is directed to the 7 position. Iodination is the reverse. Regiospecificity also can be achieved by
blocking the 5 or 7 position with sulfonic acid
groups followed by addition of the electrophile
and deblocking by acid hydrolysis, providing
the new substituent is stable to acid hydrolysis. When compounds containing mixed substituents including bromine or iodine are desired,
the more electronegative one must be in place
prior to addition of the less electronegative
one, to avoid Reverdin rearrangements. For 3and 3 ,6-dihalo-8-quinolinols, 8-nitroquinoline
can be halogenated, reduced to amino and hydrolyzed to the substituted 8-quinolinol. Proton nmr allowed ready detection of rearrangements involving nitro groups.
INTRODUCTION
Two properties of 8-quinolinol and analogues have elicited considerable interest: chelation (1,2) and antimicrobial activity (3). Our
interest in the antifungal properties of these
compounds started in 1962 (4-7). It was believed that their fungitoxication mechanism
was due to chelation of heavy metals, thus
removing them from the growth medium and
making them unavailable to the fungus (8,9).
Support was lent to this hypothesis by demonstrating that of the seven possible isomers,
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only 8-quinolinol had the ability to chelate
metals and showed antimicrobial activity (10).
That the copper(II) chelate of 8-quinolinol
appeared to be more fungitoxic than the ligand
seemed to contradict the "metal robbing"
theory (11,12). A mechanism of action for the
2:1 chelate of 8-quinolinol and copper( II) was
proposed (13). After penetrating the cell, the
2: 1 chelate dissociated into the 1: 1 chelate and
free 8-quinolinol. The half chelate could be the
toxic entity by combining with and blocking
metal binding sites on enzymes.
The preparation of mixed ligand chelates
composed of copper(II), 8-quinolinol, and arylhydroxycarboxylic acids in the ratio of 1:1:1
•vas reported (5-7). On comparison of the antimicrobial activity in liquid cultures of bis(8quinolinato )copper(II) and the 1:1:1 mixed
ligand chelates of copper(II), 8-quinolinol, and
aromatic hydroxy acids (salicylic, 3-hydroxy2-naphthoic, and 1-hydroxy-2-naphthoic), the
mixed ligand chelates showed the same activity as the bischelates (6). This was strong evidence that the 1:1 chelate was the antimicrobial moiety. Further evidence showing that the
1: 1 chelate remained after the first dissociation of the bischelate and the 1: 1: 1 mixed
chelate was obtained by polarography (14 ).
The literature prior to 1962 ( 15) and after
1962 (16) stated that a metal ion in a solution
containing two or more ligands will distribute
itself among the ligands in a manner consistent
with the stability constants of the products
formed. It was shown that the chelate of
copper(II) with 8-quinolinol was 200,000
times more stable than that of copper(II) with
salicylic acid, and copper(II) 8-quinolinate
should have been expected. The integrity of
the mixed ligand chelates was established by
successive crystallization from different sol-
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vents, elemental analysis, polarizing microscopy, and X-ray powder diffraction crystallography (5). The basis for the stability of
the mixed ligand chelates was discussed ( 17).
3tudies of the fungitoxicity of the 5-, 7-,
and 5,7-substituted 8-quinolinols as compared
with that of the corresponding bischelates with
copper( II) and with 1: 1: 1 chelates of 5-su bstituted 8-quinolinols, copper(II) and aromatic
hydroxy acids revealed that many bischelates
were devoid of toxicity whereas the free
ligand was highly fungitoxic. Also, a number of
mixed ligand chelates were toxic to the fungi,
and the corresponding bischelates were not
(18-23). A hypothesis was developed to relate
toxicity and nontoxicity of the metal chelates
to penetration or nunpenetration of the fungus
by a potential toxicant. It was proposed that
the fungal spore wall behaved as a barrier
with respect to certain potential antifungal
agents. The bischelate of 8-quinolinol and
copper(II) was reported to be square planar
(24 ). Although the bischelates possess small
negative charges at opposite ends of the long
axes, they are non polar. The spore wall is
porous in nature in order for materials to pass
between the environment and the interior of
the spore. Although the net charge of the pore
is zero, it is composed of alternate ( +) and (-)
charges around the periphery of each pore.
The chelate molecules float randomly around
in the liquid medium until they approach the
spore wall. They are then oriented parallel to
the spore wall by electrostatic attraction. If the
long axes of the chelates are shorter than the
diameters of the pores, they penetrate the
pores and manifest their toxic actions. Molecules with long axes that are too long to allow
penetration will be nontoxic due to exclusion.
The mixed ligand chelates composed of 8quinolinols, copper(II), and aromatic hydroxy
acids are dipolar and approach the pores of the
wall at an angle dependent on the net charge
at one end of the molecule. Thus the projected
axis would determine penetration and not the
long axis. This can be expressed by the
equation P = Lcos(9) (P = projected axis of the
chelate; L = long axis; 9= angle between L and
the spore wall). When P does not exceed the
diameter of the pores, penetration can occur
(18-23).
Measurements of pKas of the ligands and
stability constants of the respective chelates
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with copper(II) added little to the understanding of the modes of action of the ligands or
chelates (17 ,25,26).
To uncover the biochemical lesion(s)
caused to fungi by 8-quinolinols and their
copper (II) chelates, reversal of toxicity by
means of small metabolites was undertaken
(27 ,28). The effect of amino acids and derivatives, Krebs cycle acids and related compounds, fatty acids, and vitamins and related
compounds on the toxicity of 8-quinolinol, 5iodo-8-quinolinol, and bis(8-quinolinato)copper(II) was studied. Only aliphatic thiol containing compounds (cysteine, N-acetylcysteine,
mercaptoethylami.ne, glutathione, dithioerythritol, dithiothreitol) and lipoic acid protected
against 8-quinolinol but not against its bischelate with copper(II) or 5-iodo-8-quinolinol. It
was concluded that the mechanisms of toxicity
of 8-quinolinol and 5-iodo-8-quinolinol were
different as was that of 8-quinolinol and its
bischelate with copper(II). A speculative
interpretation of these results would be that
lipoic acid is the target compound that is
essential for fungal metabolism for which
cysteine is a known precursor. In the
biosynthetic sequence, 8-quinolinol blocks the
reduction of cystine to cysteine. The small thiol
compounds listed above possess the reduction
potential to convert cystine to cysteine.
The proponents of the hypothesis that 8quinolinol is not toxic to fungi in the "absence"
of copper(II), and the preformed chelate with
copper(II) is the toxic entity (29,30 inter alia)
had to be dealt with by direct experiment.
Atomic absorption spectroscopy was employed
to measure the copper(II) content of the
deionized water employed to prepare growth
media, the media (Sabouraud dextrose broth
and Czapek-Dox broth), and the spore inocula
(31). Minimal inhibitory concentrations (MICs)
of bis(8-quinolinato)copper(II) were determined in previous works (22,28). The test
systems composed of Sabouraud dextrose

broth and spore _inocula contained only a little
over 3% of the copper(II) required to form a
MIC of the copper(II) chelate, and Czapek-Dox
broth and spore inoculum contained slightly
less than 65% of the copper(II) to form a MIC
of the bischelate. In the same study it was
observed that mixtures of the MICs of the
ligand and its copper(II) chelate were found to
be synergistic. Had there been only one
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mechanism of fungitoxicity for both agents no
synergism would have been observed. Based
on three types of evidence: synergism between
8-quinolinol and its . bischelate with copper(II),
insufficient copper{II) in the test systems
composed of growth medium and fungal spore
inoculum to form a MIC of bis(8-quinolinato)
copper(II) (31), and the reversal by small
aliphatic thiol-containing molecules of the
fungitoxicity of 8-quinolinol but not its
bischelate with copper( II) (27 ,28) allowed for
the conclusion that the ligand and chelate
possessed fungitoxic mechanisms, that were
different from each other.
The concept of synergism was explored
further (23). The following conclusions were
drawn: (a) there is synergism between 8-quinolinols and their metal chelates; (b) the mechanisms of fungitoxicity of 8-quinolinols and
their metal chelates are different; (c) the
fungitoxic actions of mixtures of chelates of 8quinolinols with different metals [copper( II),
zinc(II), manganese(II)] are additive
(nonsynergistic); (d) the modes of fungitoxicity
of 8-quinolinol and 5-iodo-8-quinolinol are
different because their mixtures are
synergistic, and the toxicity of 8-quinolinol
was reversed by cysteine but that of 5-iodo-8quinolinol was not (27); (e) the geometry of 8quinolinol as influenced by substituents in the
5 and 7 positions determines its site(s) of
action; (f) the toxicity of 8-quinolinols is due to
the concerted action of the ligands and their
respective metal chelates, whereas with the
preformed chelate toxicity is due to the chelate
alone.
Based on the presence or absence of synergism and the protective action of cysteine
against the toxic action of 8-quinolinol and its
2-, 3-, 4-, 5-, 6-, and 7-chloro and bromo analogues, the following conclusions were drawn:
(a) substituents on the quinoline ring can
change the site(s) of action of the toxicant; (b)
the sites of action of the 5-, 6-, and 7-chloroand bromo-8-quinolinols are different from
each other and from 8-quinolinol, and its 2-,
3-, and 4-chloro and corresponding bromo analogues; (c) 8-quinolinol and its 3- and 4-chloro and bromo analogues appear to share common sites of action by virtue of lack of synergism between pairs of compounds and the protective effect of cysteine to the fungus; (d) for
good antifungal activity, the 2 position of the
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ring must not be substituted by sterically bulky groups; (e) the geometry of the binding sites of action are not so constrained that they
cannot accomodate the analogously substituted
chloro- and bromo-8-quinolinols (32).
Most of the 8-quinolinols required for
these studies were not commercially available
and a significant number was not previously
described in the literature. Also many of the
published syntheses were in error. Hence we
undertook studies to prepare new compounds,
improve methods for preparing known compounds and to correct the errors in the literature
among which were some of our own.
NITRATION
In our early studies we wished to examine microbiologically the series of 7-halo-5-nitro-8-quinolinols and their bischelates with
copper( II). Although 7 -chloro-5-nitro-8-quinolinol was known and prepared by a Skraup
reaction from 2-amino-6-chloro- 4-nitrophenol
(33), we obtained it by treating 5-nitro-8quinolinol with sodium hypochlorite (20). The
bromo (34) and iodo (35) analogues also were
prepared by halogenation of 5-nitro-8-quinolinol according to literature methods. 7-Fluoro8-quinolinol was not known and was thought
to have been prepared in 22% yield by a BaltzSchiemann reaction on what was believed to
have been 7-amino-8-quinolinol. It was subsequently nitrated in 90% yield by nitric acid in
a mixed solvent composed of acetic acid and
dimethyl sulfoxide (20). It was later determined to be 5-fluoro-7 -nitro-8-quinolinol.
We had need for a series of 5-halo-7-nitro-8-quinolinol~ and their bischelates for antifungal evaluation. The obvious approach was
to nitrate the 5-halo-8-quinolinols which we
had from previous work (18). A standard procedure using nitric acid in acetic acid was employed. We believed that the four 5-halo-7nitro-8-quinolinols were obtained. To produce
the expected 7-nitro-8-quinolinol, what was
believed to be 5-iodo-7-nitro-8-quinolinol was
deiodinated in acetic acid by heating under reflux. These compounds as well as their bischelates with copper(Il) possessed the expected
elemental composition (19). Elemental analysis
is not diagnostic of structure but only confirms
the purity of compounds for which the structures are established.
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In a study of the formation of 7-iodo-8quinolinol from 5-amino-8-quinolinol via a
Gatterman reaction, it was detected that what
was formerly thought to be 5-iodo-7-nitro-8quinolinol (19) was in fact 7 -iodo-5-nitro-8quinolinol (36). This resulted from a Reverdin
rearrangement, which was not recognized,
during the nitration of 5-iodo-8-quinolinol
(37,38). A detailed study of the nitration of 5halo-8-quinolinols and accompanying Reverdin
rearrangements was made (39).
Since nitro groups are not known to rearrange under conditions of electrophilic halogenation, the structures of 7-chloro-, 7-bromoand 7 -iodo-5-nitro-8-quinulinols were considered to be correct. Starting with 7-nitro-8quinolinol (36), 5-chloro-, 5-bromo- and 5iodo- derivatives were prepared by the
respective halogenation procedures (39). The
fluoronitro-8-quinolinols were made by
nitrating 5-fluoro-8-quinolinol (19) and the 7fluoro-8-quinolinol prepared from 7 -amino-&quinolinol (36) by a Baltz-Schiemann reaction
was similarly nitrated to 7-fluoro-5-nitro-8quinolinol (39). The results of 60 MHz proton
nmr spectra of the eight halonitro-8-quinolinols in d6-DMSO with tetramethylsilane as
internal standard are shown in Table I. For 7fluoro-5-nitro-8-quinolinol the absorption of
the 4-proton is at lower field t?an that of the
2-proton, and this is consistent with the
corresponding shifts of the other 7-halo-5nitro-8-quinolinols. The absorption of the 4proton in 5-fluoro-7-nitro-8-quinolinol is at
higher field than that of the 2 proton, and this
is consistent with the shifts for the other 5-

Table 1. Proton Chemical Shifts (<i) for 7-Halo5-Nitro and 5-Halo-7 -Nitro-8-Quinolinola
Proton
4
6
2
Compound
3
9.31
8.65
9.12
7.95
7-F-5-N02Qxb
9.45
8.67
8.00
7-Cl-5-N020x
9.10
8.92
9.42
8.05
7-Br-5-N020x
9.08
9.27
8.85
7.95
7-I-5-N020x
8.95
7.99
8.67
9.22
7.95
5-F-7-N020X
8.20
9.07
7.90
8.58
5-Cl-7-N020x
8.45
8.68
8.04
9.20
5-Br-7-N020x
9.12
8.50
8.62
7.98
5-I-7-N020x
9.30
9.86
5.7-(N02)20x
8.98
8.29
a Spectra taken on 3% solutions of free base in d6DMSO with TMS as internal standard. The highest
valued lis are highlighted in bold type.
b Ox = 8-quinolinol.

halo-7-nitro-8-quinolinols. It was considered
that the assigned structures were correct (39).
The 5-halo-8-quinolinols and 8-quinolinol were treated with concentrated nitric acid. in
glacial acetic acid as previously described ( 19).
The product from each reaction, without purification, was subjected to nmr spectroscopy.
The mononitro product of 8-quinolinol was 5nitro-8-quinolinol (36). It was determined
from the field and the peak area of the 6
proton that 5-fluoro- and 5-chloro-8-quinolinol yielded the 7-nitro compounds as reported
earlier (19). 5-Bromo-8-quinolinol yielded 90%
7 -bromo-5-nitro-8-quinolinol and 10% 5-bromo-7 -nitro-8-quinolinol, and 5-iodo-8-quinolinol yielded only 7 -iodo-5-nitro-8-quinolinol
as a result of Reverdin rearrangements.
Upon treatment of 7-chloro-5-iodo-8quinolinol with nitric acid in acetic acid, the
product formed was 7-chloro-5-nitro-8-quinolinol contaminated with a trace of 7-chloro-5iodo-8-quinolinol Elemental iodine was the by
product. When one equivalent of 5-iodo-8quinolinol was treated with 0.75 equivalent of
nitric acid, a significant amount of 5,7-diiodo8-quinolinol was formed in addition to the
expected 7 -iodo-5-nitro-8-quinolinol. When
the nitric acid was replaced by hydrochloric
acid, no disproportionation to 5,7-diiodo-8quinolinol and 8-quinolinol was observed. This
suggested that two reactions were taking
place. Iodine was being displaced in 5-iodo-8quinolinol by nitronium ion to form 5-nitro-8quinolinol. The iodinating species can react
with both 5-nitro-8-quinolinol and with 5iodo-8-quinolinol to form 7 -iodo-5-nitro-8quinolinol and 5, 7 -diiodo-8-nitroquinolinol.
Additional nitronium ion then reacts with 5,7diiodo-8-quinolinol to yield more 7-iodo-5nitro-8-quinolinol. Since iodination is
comparatively rapid, it must have been
brought about by the freshly released r+ and
not by elemental iodine. This is consistent with
prior work where 8-quinolinol in glacial acetic
acid was iodinated by N-iodosuccinimide (NIS)
over five times as rapidly as by elemental
iodine ( 40).
SULFONATION
The sulfonic acid group has been found
to be a convenient substituent for blocking ana
deblo~king the 5 position of 8-quinolinol (36,
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41). It was desired to examine the effectiveness of this group in the 7 position. This technique should be especially useful for preparing
8-quinolinols containing mixed substituents in
the 5 and 7 positions. The preparation of 8quinolinol-7-sulfonic acid by published
methods was attempted (42-45). In each case,
a product was obtained for which the ir and
nmr spectra were the same as for an authentic
sample of 8-quinolinol-5-sulfonic acid. For
further identification, the several products
were chlorinated and desulfonated (36). 7Chloro-8-quinolinol was obtained in all cases.
It is apparent that in the earlier work the
claimed 7 -sulfonic acid was in fact the 5sulfonic acid.
8-Quinolinol-7-sulfonic acid was prepared by sulfonating 5-chloro-8-quinolinol
followed by removal of the chlorine by
hydrogenolysis using 10% palladium on
charcoal in aqueous sulfuric acid. Its purity
was established by elemental analysis, and ir
and nmr spectra were consistent with the ?sulfonic acid structure and differed from those
of the 5-sulfonic acid (46). A review of the
literature revealed numerous studies which
were based on what was believed to have
been 8-quinolinol-7-sulfonic acid to be
incorrect ( 46).
For completion 8-quinolinol-5,7-disulfonic acid was prepared ( 46). Sulfonation took
place in 20% oleum at 150°C, and the product
was isolated as the copper(II) salt which was
then decomposed by hydrogen sulfide. The 60
MHz proton chemical shifts for the sulfonic
acids are shown in Table 2 (46). As was
observed with the nitro compounds, a sulfonic
acid group at position 5 causes a shift of the
proton at position 4 to a higher o value than
that of the 2 position.
To determine the efficacy of the sulfonic
acid function in the 7 position of 8-quinolinol
for blocking and deblocking that position, 5fluoro-, 5-chloro-, 5-bromo-, and 5-iodo-8quinolinol-7-sulfonic acids were heated under
reflux with a mixture of 15% sulfuric acid and
85% acetic acid for 24 h (36,41). 5-Fluoro-, 5chloro- and 5-bromo-8-quinolinols were
obtained. The iodosulfonic acid yielded 8-quinolinol, as was expected from our experience
with the deiodination of iodonitroquinoline
(19). On heating 7-iodo:8-quinolinol-5-sulfonic
acid in the sulfuric-acetic acid mixture until
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Table 2.

Proton Chemical Shifts for 8Quinolinolsulfonic acids a
Proton
Substituent on
2
4
3

6

8-Quinolinol

9.95
8.20
9.20
8.25
SS03H
9.18
8.12
9. 77
8.10
7-F,5-S03H
7-Cl,5-S03H
9 .11
8.07
9.56
8.07
9.12
8.00
9.54
8.20
7-Br,5-S03H
9.41
8.34
7-1,5-SOJH
9 .02
7.88
9.46
9.15
8.06
8.57
7-N02.S-S03H
8.00
8.87
7.70
9.60
1-NH2,5-S03H
9.27
8.17
7.81
7-SOJH
9.15
8.14
5-F,7-S03H
9.12
9.08
7 .70
8.21
9.16
5-Cl,7-S03H
9.25
7.92
5-Br,7-S03H
9.26
8.22
9.08
8. 14
9.20
8.13
8.90
8.38
5-1,7-SOJH
9.22
8.10
8.80
9.39
S-N02,7-S03H
7.37
9.11
7.93
9.00
S-NH2,7-S03H
5,7-(SOJHh
9.27
8.32
9.91
8.40
a Spectra were taken on 3% solutions of free base in
DMSO-d6; proton chemical shifts are given as o
values in ppm from TMS as internal standard. The
highest valued os are highlighted in bold type.

the compound just went into solution, the
products were 90% 5-iodo-8-quinolinol and
10% 8-quinolinol. The mechanism of this
rearrangement is unclear. It seems to be a
retro Reverdin rearrangement which takes
place due to the positive charg~ on the
protonated hydroxyl group of 8-quinolinol in
strong acid solution. The J+ released by acid
treatment becomes attached to the 5 pos1t1on
of 8-quinolinol. The 5 position under these
conditions presents a more negative
environment than the 7 position which is in
the proximity a formal positive charge on the
neighboring oxygen.
The sulfonic acid substituent in both the
5 and 7 positions of 8-quinolinol can be used
for blocking and deblocking the corresponding
positions when the other substituents are
stable to acid hydrolysis.
HALOGENATION
To gain further information on the concept that the fungitoxicity of the copper(II)
chelates of 8-quinolinols requires penetration
of the fungal wall, whereas the nontoxic chelates are not toxic due to exclusion (18), it was
desired to prepare the copper(II) bischelates
of tritiated 5-iodo-8-quinolinol. This complex
was not toxic to the fungi presumably due to

6

nonpenetration of the fungal walls. A good approach to this problem appeared to be based
on the report that halogenation of the cobalt(111), cobalt(II), aluminum(III), and copper(II)
chelates of 8-quinolinol by means of N-chlorosuccinimide (NCS), N-bromosuccinimide (NBS)
or NIS in chloroform in the ratio of 1: 1 of halogenating agent to 8-quinolinol, halogenation
took place exclusively in the 5 position of 8quinolinol (48).
Preliminary trials of the iodination of
nontritiated bis(8-quinolinato)copper(II) with
NIS in chloroform, yielded a product with an
Rr value in silica gel thin layer plates that was
different from that of authentic bis(5-iodo-8quinolinato)copper(II). Differences in the ir
spectra of the respective ligands and chelates
were also observed. As a result of our inability
to obtain the desired product, together with
the incorrect characterization of the product
reported (48), we undertook a reinvestigation
of the halogenation of bis(8-quinolinato)copper(II) with N-halosuccinimide (NXS).
All reactions were carried out in chloroform, and the molar ratio of halogenating agent to chelate were 2:1, 4:1, and 6:1. Reaction
temperatures were either ambient or 40-60°C ,
and the reaction time was 3 hours in all cases.
Analyses were carried out by gas chromatography on the trimethylsilyl derivatives of the
ligands after decomposing the chelates. Chlorination with NCS yielded 5-chloro-, 7-chloroand 5,7-dichloro-8-quinolinols. The two monohalo-8-quinolinols formed simultaneously and
increasing the concentration of NCS favored
formation of the ?-analogue over the 5. Raising
the reaction temperature favored formation of
5-chloro over 7 -chloro-8-quinolinol. NBS
afforded only 5-bromo-8-quinolinol along with
5, 7-dibromo-8-quinolinol as a minor product
except when NBS was increased to 4:1 and 6:1
molar ratios, the product was 99-100% 5,7dibromo-8-quinolinol contaminated at most
with traces of 5-bromo-8-quinolinol. Iodination with NIS yielded 90% 7-iodo-8-quinolinol and 10% of the 5-iodo isomer contaminated by a trace of 5,7-diiodo-8-quinolinol. Increasing the reaction temperature caused some
additional diiodo compound to form along with
7-iodo-8-quinolinol as the major product.
Increasing the concentration of NIS favored
the formation of 5, 7 -diiodo-8-quinolinol.
A similar study with 8-quinolinol and
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NCS allowed 94-95% of the substrate to remain
unchlorinated, and the products 5-chloro- and
7-chloro-8-quinolinol were in the ratio of
1:4-5. Raising the temperature allowed somewhat more monohalogenated material to form,
but the ratio of 5- to 7- substitution products
remained the same. Not more than traces of
5,7-dichloro-8-quinolino1 were formed. With
NBS 7-bromo-8-quinolinol was the major product along with 5-bromo- and 5,7-dibromo-8quinolinols. The ratio of 5 to 7 analogues was
about 1:4. Raising the reaction temperature
made little difference. When the concentration
of brominating agent was increased, the product was primarily 5,7-dibromo-8-quinolinol
with at most traces of 5- and 7-monobromo
analogues. On iodination with NIS the major
monoiodo product was 5-iodo-8-quinolinol and
as the temperature was increased more 5,7diiodo-8-quinolinol was formed at the expense
of 5-iodo-8-quinolinol. Increasing the concentration of iodinating agent caused mostly 5,7diiodo-8-quinolinol to form (49).
We finally selected tritiated bis(5,7-diiodo-8-quinolinato)copper(II) and compared it
with tritiated bis(8-quinolinato)copper(II) for
electron microscopic autoradiographic studies
to establish penetration of the fungal wall by
the toxic chelate, and nonpenetration by the
nontoxic iodinated one. The preliminary results were consistent with our hypothesis (50).
A comparison of the results obtained
from the halogenation with NXS of bis(8-quinolinato )copper(II) with those of the free ligand
with one equivalent of NCS to one of 8-quinolinol, showed that chlorination of the ligand
was much slower than of the bischelate. This
was in agreement with earlier reported work
(51) that chelation with metals increases the
rate of halogenation. Comparable halogenations
with NBS and NIS were not amenable to drawing conclusions.
The orientation of the substituents of the
monohalogenations of the chelate and ligand
was unexpected. The chlorination products of
8-quinolinol, 7-chloro- and 5-chloro-8-quinolinols, were formed in a ratio of 4: 1. The corresponding monohalogenated products obtained from the chlorination of the copper(II)
bischelate were about equal. The monobromination products of the free ligand consisted of
7-bromo- and 5-bromo-8-quinolinol also in a
ratio of 4: I but monobromination of the copper
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(II) chelate yielded 80% 5-bromo-8-quinolinol
and no detectable 7 isomer. The monoiodination products of the free ligand yielded 94% 5iodo-8-quinolinol whereas the chelate yielded
90% 7-iodo-8-quinolinol and 10% of the 5-iodo
analogue. These results are in agreement with
the concept that chelation of a ligand with a
metal does rot alter the reactive positions of
an aromatic compound toward electrophilic
substitution (51,52). However, it is obvious
that chelation does affect orientation of substituents in electrophilic substitution with NXS.
A study of the halogenation of 8-quinolinol and its bischelate with copper(II) using
elemental chlorine, bromine and iodine was of
interest. The reactions were carried out in
chloroform in the same manner as with NXS. It
was confirmed from the greater uptake of
chlorine by the chelate as compared with the
ligand in the experimental time, that chelation
increases the rate of chlorination (41). The
major monochlorinated product in each case
was 5-chloro-8-quinolinol. The difference in
these two reactions was that the ligand yielded
measurable quantities of the 7 isomer, and the
chelate afforded only trace quantities of that
isomer.
The products of bromination of 8-quinolinol and its copper(II) chelate with one equivalent of bromine per equivalent of quinolinol
were about in the same proportions as due to
chlorine. Increasing the ratio of bromine to 8quinolinol caused the formation of only 5,7-dibromo-8-quinolinol. With respect to the chelate increasing the bromine ratio led to tarry
products which were not suitable for analysis.
The action of one equivalent of iodine on one
equivalent of 8-quinolinol resulted in the formation of 5-iodo-, 7-iodo- and 5,7-diiodo-8quinolinol in the proportion of 30:3: 1. On
doubling the ratio of iodine to 8-quinolinol all
three products were formed in greater yield.
Three equivalents of iodine did not cause any
additional iodination. Iodination of bis(8-quinolinato )copper(II) with elemental iodine was
not examined because this reaction was complicated by the apparent reduction of
copper(II) to copper(!) with accompanying
release of 8-quinolinol. In an earlier report
(53) this reduction was not recognized. These
workers claimed to have gow;n 6.6% of 5,7diiodo-8-quinolinol from the gummy reaction
mixture and 6.5% of a product which on the

basis of melting point was claimed to be 5iodo-8-quinolinol.
When 8-quinolinol or its bischelate with
copper(II) was halogenated with elemental
halogen or NXS in chloroform, the rate of
chlorination of 8-quinolinol with chlorine was
greater than with NCS. On monohalogenation of
the ligand with chlorine, the formation of 5chloro over 7-chloro-8-quinolinol was favored
while with NCS the reverse was true. When the
copper(II) chelate of 8-quinolinol was chlorinated with NCS, 5- and 7- chloro-8-quinolinols
were formed in about equal proportions. The
rates of bromination of the ligand and chelate
with elemental bromine and NBS were rapid
and indistinguishable for both ligand and
chelate; however, of the monosubstitution
products due to elemental bromine the 5bromo formed in preference to the 7-bromo
analogue. The reverse was true for the chelate.
With NBS the formation of 7-bromo-8-quinolinol exceeded that of 5-bromo analogue and
only 5-bromo-8-quinolinol was obtained from
the chelate. The rate o( iodination of 8-quinolinol with NIS was much greater than that with
iodine, and the orientation was primarily to
the 5 position. With respect to the chelate,
reaction with NIS resulted primarily in the
formation of 7-iodo-8-quinolinol. Data with
elemental iodine could not be obtained, due to
the reasons explained above.
It was of further interest to examine the
effect of solvent and prototropic form on the
orientation of substituents in the halogenation
of 8-quinolinol by elemental halogen and NXS.
For this study, 8-quinolinol was treated on a
1: 1 molar basis with the six halogenating
species. The following solvents ranging in
decreasing acidity were employed: 93%
sulfuric acid, glacial acetic acid, chloroform,
pyridine, diethylamine, sodium hydroxide
equivalent to the free halogen and 8quinolinol and excess 10% sodium hydroxide.
In the case of iodine, iodination was also
attempted in excess 47% hydriodic acid. The
results are summarized in Table 3. Equivalent
studies on the bischelates with copper(II)
were not undertaken because of the instability
of the chelate in extremely acidic media. It
was reported that bis(8-quinolinato)copper(Il)
was sulfonated in concentrated sulfuric acid
and nitrated in 40% nitric acid. These results
should be suspect because the chelate does not

Effects of Solvents on Electrophilic Halogenation of 8-Quinolinola

Table 3.

Products %
Halogenating Medium
H2S049 93%
Acetic acid, glacial
Chloroform
Pyridine
Diethylamine
NaOH, 3 equiv
NaOH, 10% (excess)

H2S04, 93%
Acetic acid, glacial
Chloroform
Pyridine
Diethylamine
NaOH, 3 equiv
NaOH, 10% (excess)

Qxb
1
24
95
42
100
29
Ot
Tr
28
16
17
21
74
Ot
49
18
Tr
22
1

N -Chlorosuccinimide
5-CIOx 7-CIOx
5,7-Cl20X
99
0
TrC
24
15
37
4
0
1
16
10
32
0
0
0
6

60

5

N -B romosuccinimide
5-BrOx 7-BrOx 5,7-Br20X
Tr
0
99
13
26
33
20
14
50
22
16
45
78
Tr
0
0

16

10

N -iodosuccinimide
7-IOx
5-IOx
5,7-120X
1
49
1
26
17
39
94
Tr
5
26
18
34
4
88
7

Ox
Tr
39
45
67
93
38
39

Chlorine
5-ClOx 7-ClOx
96
3
18
7
20
9
9
1
6
52
5
51
3

5,7-Cl20X
1
36
30
15
0
5
7

Ox
0
34
48
41
13
84
89

Bromlne
5-BrOx 7-BrOx
99
0
0
35
4
1
13
24
80
3
.3
4
0
8

5,7-Br20X
Tr
31
47
22
4
9
3

Ox
100
84

Iodine
5-IOx
7-IOx
0
0
12
3

5,7-120X
0
1

s

H2S04, 93%
Acetic acid, glacial
__ d
Chloroform
14
59
5
Pyridine
47
32
4
Diethylamine
Tr
Tr
99
NaOH, 3 equiv
2
93
3
4
27
NaOH, 10% (excess)
11
58
100
0
0
HI, 47%
a All results are the average of three runs with an average deviation of ±10%. bOx - 8-quinolinol. c Tr trace
d This reaction was complicated by apparent reduction of Cu(II) to Cu(I) with release of free 8-quinolinol.

=

12
17
0
2
0
(<1 %).

I
I
~

!!t
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exist below pH 1.0 (54).
The data from Table 3 indicate that on
monohalogenation of 8-quinolinol with chlorine, NCS, bromine or NBS, the incoming halogen atom was oriented primarily to the 5 position in strongly acidic media and the 7 position was favored in strongly basic media. Solvents of intermediate acidity or basicity allowed
for formation of mixtures of 5- and 7-halo-8quinolinols. The course of iodination seemed to
be the reverse. It thus appears that orientation
of substituents in the monohalogenation of 8quinolinol is affected by the prototropic form
of the substrate, the halogenating agent and
the solvent employed.
MO calculations were carried out for the
anion, neutral species, cation and doubly
charged cation. These indicated that electrophilic substitution should occur at the 5
position of 8-quinolinol in all prototropic forms
except for the anion. These calculations are in
good agreement for chlorination and bromination but not for iodination. This would indicate that the mechanism for iodination is different from that of chlorination and bromination.
In a study of the metal chelating properties and proton nmr spectra of 5-halo-8-quinolinols, the Sandmeyer reaction was employed,
with the idea of preparing pure compounds.
This was none for the chloro and bromo analogues but was avoided for the iodo derivative
(55). An attempt to prepare 5-iodo-8-quinolinol from 5-amino-8-quinolinol by means of
the Sandmeyer reaction produced a compound
of the expected elemental composition but
melted at 113-114°C (56). This was lower than
the reported values of 120-125°C (57). A
structure was not assigned to this compound.
Since the preparation of 7-iodo-8-quinolinol had been reported (41), the properties of
the compound melting at 113-ll4°C seemed to
be 7-iodo-8-quinolinol. It was of interest to
examine the effect of iodide on 5-diazonium8-quinolinium sulfate under conditions of the
Gattermann reaction (41). 7-Diazonium-8quinolinium sulfate was treated similarly. Both
5-iodo- and 7-iodo-8-quinolinols also were
subjected to the same conditions of the
Gattermann reaction in order to observe the
effects of these reaction conditions on the
stability of the iodo substituent. The results of
the treatments are shown in Table 4.
In view of the results of the Gattermann
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Table 4.

Effect of Conditions of Gattermann
Reaction on 5-Amino, 7-Amino, 5-Iodo- And
7 -Iodo-8-Quinolinols
Starting
Products, % (as free ligands)
Compound
8-Quinolinol
5-IOx 7-IOx 5,7-hOx
37
3
S-NH2
56
0
0
7-NH2
lOOb
5 -I
40
60
0
7 -I
1
99
0
a Ox = 8-quinolinol
b Only 8-quinolinol obtained in 2.8% yield.

4
0
0
0

reaction on 5- and 7-amino-8-quinolinols, and
the absence of rearrangement products from
5- and 7-iodo-8-quinolinols under these conditions it seemed that 7-iodo-8-quinolinol
formed from 5-diazonium-8-quinolinium
sulfate by rearrangement prior to iodination.
Diazonium salts in acidic media often react by
a heterolytic mechanism, the intermediate
being the aryl cation after loss of nitrogen
(58). Scheme I indicates a possible mechanism
for the formation of 7 -iodo-8-quinolinol from
5-amino-8-quinolinol. This entails a 1,3
hydride shift on the aryl cation after the loss
of nitrogen from the diazonium salt followed
by a nucleophilic attack by iodide (36).
Scheme I

Electrophilic halogenation of 8-methoxyquinoline with elemental halogen and with
NXS was studied and compared with that of 8quinolinol. Monochlorination and monobromination took place in the 5 position under acidic
and neutral conditions whereas iodination took
place in the 7 position. This parallels the results with with 8-quinolinol. Under basic conditions, 8-methoxyquinoline remained unhalogenated, and 8-quinolinol formed 7-chloro-, 7bromo- and 5-iodo- derivatives with the respective halogenating agents. The inactivity of 8methoxyquinoline to halogenation in strongly
basic media is attributed to the inability to
{orm an anion. The importance of the anionic
form of 8-quinolinol for electrophilic chlorin-
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ation and bromination in the 7 positton and iodination in the 5 position was established (59).
In continuation of our studies of the
antifungal properties of 8-quinolinols and
their copper(II) chelates, it was of interest to
prepare 7-halo and 5,7-dihalo-8-quinolinols in
which the two substituents of the disubstituted derivatives were different. Due to our prior
experiences with '~he Reverdin rearrangement
of the bromo and iodo derivatives of 8-quinolinol (22), when it was desired to add a more
electronegative halogen atom to the 7 position
of a 5-halo-8-quinolinol which contained a less
electronegative halogen substituent, it had to
be done by starting with the compound
containing in place the more electronegative
halogen, or by controlling the prototropic form
of the 8-quinolinol. In addition to these, four
nitro-8-quinolinols were included as was the
previously unprepared 5,7-difluoro-8quinolinol. 5,7-Difluoro-8-quinolinol was
prepared from 5-fluoro-8-quinolinol by
reaction with trifluoromethyl hypofluorite m
trichlorofluoromethane at -70°C (60).
A series of 5- and 7-substituted 2-methyl-8-quinolinols was prepared from 2-methyl8-quinolinol using the same principles of
blocking and deblocking the 5 or 7 positions
with sulfonic acid groups and electrophilic
substitution described previously. The
copper(Il) bischelates of the 5- and 7-monohalo- and nitro-8-quinolinols were also
prepared (61). Antifungal testing showed that
with the exception of 5-iodo-, 5,7-diiodo- and
5, 7 -dibromo-2-methyl-8-quinolinols the 8quinolinols were more fungitoxic (62).
An extension of our work to include 2-,
3-, 4- and 6-monosubstituted chloro- and bromo-8-quinolinols was carried out. Procedures
which reduced the number of steps or afforded greater yields of product were developed.
Of the 8-quinolinols prepared only 2-bromo-8quinolinol was previously unknown. The 2-halo-8-quinolinols were prepared from 8-acetoxy-2-quinolinol by halogenation with phosphorus oxychloride or phosphorus oxybromide,

amino group in 55% sulfuric acid at 220°C
yielded the respective 3-chloro and 3-bromo8-quinolinols. The 4-halo-8-quinolinols were
obtained by halogenating 4-hydroxy-8-methoxyquinoline with phosphorus oxyhalide
followed by hydrolysis with 76% sulfuric acid
to yield the respective chloro and bromo
analogues. 6-Halo-8-quinolinols were prepared
from 2-acetamido-5-halophenyl acetates by
means of Skraup reactions. The respective 6chloro- and 6-bromo-8-quinolinols were thus
obtained (63). The biological results obtained
from these compounds were described earlier
in ref. 32.
Since an approach was available, the
preparation of 3,6-dichloro- and dibromo-8quinolinols was carried out. These compounds
were not known, and it was desired to compare them biologically with the corresponding
5,7-dihalo-8-quinolinols. The 3,6-dihalo-8quinolinols were prepared by direct halogenation of 8-nitroquinoline with NCS or NBS in
acetic acid or by halogenation of the corresponding 6-halo-8-nitroquinoline prepared by
a Skraup reaction. The latter procedure allows
for the preparation of 3,6-dihalo-8-quinolinols
with mixed halogens. Following reduction of
the nitro group, the amine was hydrolyzed to
the phenol in 70% sulfuric acid at 220°C. It was
found that 3,6-dichloro-8-quinolinol is the
most fungitoxic analogue of this class of compounds observed to date (64 ).
In summary, methods have been systematized for the preparation of substituted 8quinolinols. The 5 and 7 positions are amenable for electrophilic substitution by halogen,
nitric acid and sulfuric acid. It is possible to
control the entry position of the electrophile
by controlling the prototropic form of 8-quinolinoi. Under acidic conditions, the 5 position is
attacked first and under basic conditions the
electrophile enters the 7 position. Iodination is
reversed. Regiospecificity also can be achieved
by blocking and deblocking the 5 or 7 positions with sulfonic acid groups. The only
electrophile that was not suitable for this

respectively followed by saponification with

process was iodine, which is not stable to acid

potassium hydroxide in ethanol. The 3-halo-8quinolinols were prepared from 8-nitroquinoline by halogenating the 3 position with NCS or
NBS in acetic acid. Reducing the nitro group by
hydrogenation using 10% palladium on carbon
as catalyst, followed by hydrolysis of the

hydrolysis. When compounds containing mixed
substituents including bromine or iodine are
desired, the more electronegative halogen
must be in place prior to the addition of the
less electronegative one, to avoid Reverdin
rearrangements. For 3- and 3,6-halo-8-quino-
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linols, 8-nitro-quinoline can be halogenated,
reduced and hydrolyzed to the substituted 8quinolinols. In 8-quinolinol, protons on the
phenolic and pyridine rings are not significantly coupled to each other and are readily
analyzed by comparing them to phenol and
pyridine. 5-Nitro-8-quinolinol and 8-quinolinol-5-sulfonic acids have their 4 proton
shifted to lower fields than their 2 proton
because of magnetic effects through space.
This makes it easy to detect rearrangements,
during electrophilic substitution, which involve
these groups.
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